Bacillus thuingiensis is a gram-positive, spore-forming bacterium that produces an insecticidal parasporal crystal.
B. thuringiensis strains that produce crystal toxins active against lepidopteran, dipteran, and coleopteran insects have been found. B. thuningiensis crystal protein genes have been designated cry because of the crystal formation phenotype (Cry). Those genes which encode bipyramidal proteins active only against Lepidoptera are designated cryI (7) .
Spodoptera exigua is an agronomically important pest that is relatively insensitive to B. thuningiensis crystal toxins. The CryIC protein from B. thuringiensis subsp. entomocidus and B. thuringiensis subsp. aizawai is the only Cryl toxin significantly active against S. exigua and other Spodoptera species (20) . For this reason, we are interested in finding additional crystal proteins active against S. exigua.
Screening a large number of B. thuringiensis isolates for high Spodoptera activity is labor intensive and time-consuming and may not be the most effective way to identify genes encoding highly active toxins. Some B. thuringiensis strains contain "silent" crystal toxin genes (5) which are carried on the genome but not expressed. So, some B. thuningiensis strains that do not show high insecticidal activity may carry toxin genes that encode insecticidal proteins with high specific activities. Because of this, we are interested in screening B. thuningiensis strains at the molecular level for their gene content.
In this study, we used the polymerase chain reaction (PCR) as a rapid means for determining the cryI gene content of a number of B. thuringiensis strains. Additionally, we designed a PCR method to search for cryIC-type genes. Using the method, we identified a novel cryIC-related gene in B. thuringiensis subsp. galleriae strain HD29, a strain that showed no significant Spodoptera activity. We isolated the gene from HD29 by DNA-DNA hybridization and found it encoded a Spodoptera-active crystal protein. We 15 ,000 x g, washed twice in 0.5 M NaCl containing 10 mM CAPS [3-(cyclohexylamino)-1-propanesulfonic acid]-NaOH (pH 10.5) and 1 mM EDTA, washed once with water, and resuspended in 10 mM Tris-HCl (pH 8.0) containing 10 mM EDTA. A 6-ml aliquot of the suspension was mixed with 120 ,ul of 3-mercaptoethanol and 500 mM phenylmethylsulfonyl fluoride on ice. The crystal protein was solubilized by addition of 2 N NaOH to pH 10.5, the sample was centrifuged at 15 ,000 x g, and the supernatant was loaded on a Sephacryl S-300 HR column (32 by 1,000 mm). The column was eluted with 10 mM CAPS-NaOH (pH 10.5) containing 50 mM NaCl and 1 mM EDTA. The crystal protein was precipitated at pH 4.4 by addition of HCI and dissolved in TE.
Bioassay. Twofold serial dilutions made from the purified crystal protein were mixed with 9 volumes of molten insect diet at 50°C and aliquoted into trays (3 ml per well). Ten second-instar Spodoptera exigua and Trichoplusia ni larvae were infested in each dilution, and mortality was recorded after 4 days. Percent mortality was plotted as a function of concentration.
Western blotting (immunoblotting). E. coli strains carrying the cloned crystal protein genes were grown in Luria-Bertani medium (13) for 48 h, concentrated fivefold, and analyzed by SDS-polyacrylamide gel electrophoresis on 8% gels obtained from Novex. Electrophoretic transfer of proteins to nitrocellulose and immunological detection of crystal proteins was by the method of Towbin et al. (17) . The primary antibody was a 1:100 dilution of antisera raised against the crystal of B. thuringiensis subsp. aizawai HD229, and the secondary antibody was horseradish peroxidase-conjugated goat antirabbit immunoglobulin G_(Bio-Rad).
DNA sequencing. The Sequencing Kit from Pharmacia LKB was used with synthetic oligonucleotide primers according to the manufacturer's instructions. Previously synthesized primers based on the cryIC sequence were used when they hybridized to cryIC(b), as determined by PCR. Twenty-two additional primers were synthesized to obtain the cryIC(b) sequence on both strands.
Nucleotide sequence accession number. The nucleotide sequence of cryIC(b) is assigned GenBank accession number M97880. RESULTS PCR screening. The PCR was used to survey a number of B. thunngiensis strains for their crystal protein gene content. One set of eight primer pairs was used to detect, in one reaction, eight published cryI-type genes, from cryA(a) to cryIF (5, 7, 19) . PCR with these primers and a total DNA template generated a uniquely sized fragment for each cryItype gene. Therefore, the sizes of PCR products indicated the presence of particular crystal protein genes. Previous reports concerning the occurrence of crystal genes were confirmed by this PCR technique as follows. Among the strains shown in Fig. 1, only crylA-type genes (10) were found in HD203 of B. thuringiensis subsp. kurstaki. The PCR products of B. thuringiensis subsp. galleriae HD29 indicated that this strain contained crylA(b), cryL4(c), and cryID.
To search for a novel cryIC-type gene, an additional PCR survey was performed. Six pairs of primers described in Materials and Methods extending almost the entire length of the toxic region of cryIC based on the published cryIC sequence were synthesized (8) . PCR with these six primer pairs and a cryIC template produced six major fragments from priming between immediate primer pairs and other minor fragments because of priming between oligonucleotides from different pairs, creating a fingerprint specific to cryIC. Three strains that were previously shown to contain cryIC (HD137, HD198, and HD229) showed identical PCR product profiles with the cryIC-specific primer pairs (Fig. 2) . HD29 had a pattern substantially different from the pattern of the cryIC-containing strains; only four of the six major PCR products appeared to be present. There were no fragments of the size expected from primer pairs TY62/TY63 and TY64/T1Y65. None of the other strains examined in Fig. 1 formed to investigate whether restriction fragments from HD29 hybridized to cryIC. The hybridization probe was a 984-bp PCR-generated fragment from B. thuringiensis subsp. aizawai HD229 that spanned amino acids 276 to 603 of CryIC, the region sharing the least homology with cryL4(a). Southern hybridization under low-stringency conditions (45°C) showed a 10-kb EcoRI fragment contained sequences that hybridized to the 984-bp probe (not shown).
To isolate the 10-kb EcoRI fragment from HD29 that hybridized to the cryIC probe, a subgenomic library of 9-to 11- phage, number 34, and one strongly hybridizing phage, number 42, were chosen for further study.
A Southern blot was performed to locate the N-and C-terminal coding regions of the cry gene within each phage. The N-terminal probe was an 1,820-bp fragment that spanned the first 600 residues of CryIC, and the 446-bp C-terminal probe spanned amino acids 1021 to 1170. A 5.5-kb BamHI-EcoRI fragment from phage 42 and a 7.1-kb HindIlI fragment from phage 34 hybridized to both probes. The 5.5-kb BamHI-EcoRI fragment from phage 42 was subcloned in pUC19 and designated plasmid pSB204. The 7.1-kb HindIll fragment from phage 34 in pUC18 was designated pSB205. Restriction maps of pSB204 and pSB205 did not match those of any crystal toxin genes described in the literature (Fig. 3) .
PCR was used to orient the putative toxin gene within plasmid pSB204. Primers that hybridized to pUC vector sequences were used with primers that hybridized to the coding region of cryI genes. PCR on plasmid pSB204 with the M13REV and TY9 primers gave a 1.55-kb product, indicating that the start codon of the toxin gene was approximately 0.7 kb from the BamHI site (Fig. 3A) . The M13UNIV and TY6 primers gave a 1.7-kb product, indicating that the stop codon was approximately 1.3 kb from the EcoRI site (Fig. 3A) . Although primers TY6 and TY7 hybridized to pSB205, PCR with TY6 and TY7 in combination with the M13REV and M13UNIV primers failed to give PCR products. Since pSB205 carried a 7.1-kb insert, the distances between the crystal gene and the vector sequences may have been too long to generate a PCR product.
PCR was performed on plasmids pSB204 and pSB205 with the cryIC-specific primers. The pSB204 template gave five of the six cryIC-specific fragments (the product expected from primers TY64 and TY65 was absent), indicating that this plasmid carried a gene homologous to cryIC (not shown). Plasmid pSB205 gave no cryIC-specific fragments, demonstrating that it did not carry a gene closely related to cryIC.
DNA sequence. The DNA sequence of 4,106 bp from plasmid pSB204 was determined on both strands and revealed an open reading frame encoding a protein of 1,176 residues whose predicted molecular mass was 132.8 kDa (Fig. 4) . Sequences presumably involved in the transcription from the BtI promoter (2) and the BtII promoter (3) of crylA(a) were found upstream from the putative start codon (nucleotides [nt] 196 to 224 and 176 to 220 in Fig. 4) Fig. 4) has the potential to form a stem-loop and may act as a transcription terminator.
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The novel toxin gene from HD29 cloned in pSB204 was most similar to cryIC (Fig. 5) . Because of this similarity, we propose to designate the gene cryIC(b). CryIC(b) was 92% identical to CryIC in the first 450 amino acids and in residues 606 to 1177 but was only 44% identical to CryIC in residues 451 through 605. Because CryIC(b) diverged from CryIC between amino acids 450 and 605, this region of CryIC(b) was compared with the same region in other crystal proteins (6) . Between 
.,CrCCATGGGATGCATTTCTAGTGCAAATTGAACAATTAATTAATGAAAGAATAGCTGCATATGCTAGGTCTGCAGCAATTTCTAATTTAGAAGGATT (19) . We compared the sequence of our novel gene from HD29 to all other cry genes simultaneously and found that it was indeed a subclass of the cryIC gene (Fig. 5) . Therefore, we propose to designate this gene cryIC(b).
The amino acid sequence of CryIC(b) diverged from CryIC between residues 451 and 605 (44% identity in this region). We compared residues 451 through 605 to the same region in other cryI genes, and it did not appear to be derived from any other cryI gene. Recently, Li et al. (12) determined the tertiary structure of CryIIIA. Assuming that CryIC has a tertiary structure similar to that of CryIIIA, the region containing the amino acid differences between CryIC and CryIC(b) corresponds mostly to domain III of the CryIIIA crystal structure.
CryIC(b) and CryIC expressed in E. coli showed similar toxicities against T. ni, but the LC50 of CryIC(b) against S. exigua was higher than that observed for CryIC. Although CryIC was more toxic to S. exigua than was CryIC(b), the activity of CryIC(b) against S. exigua was quite significant relative to the toxicities of other Cryl proteins against Spodoptera species. CryIA(a), CryIA(b), CryIA(c), CryIB, and CryID show no toxicity toward Spodoptera littoralis (7 
